Objectives: The purpose of this study was to assess the prognostic significance of the residual SYNTAX score (rSS) in a large-scale cohort of consecutive percutaneous coronary intervention (PCI) patients and to analyze whether residual proximal left anterior descending coronary artery (pLAD) lesions affect the prognosis of patients with same or similar rSS levels.
| I N TR ODU C TI ON
Achieving complete revascularization (CR) has long been a goal of myocardial revascularization since the early 1980s [1] . Incomplete revascularization (IR) has been shown to be related to a higher risk of death, myocardial infarction (MI), repeat revascularization, and lifestylelimiting angina, even in the era of drug-eluting stents (DES) [2, 3] . The concept of reasonable incomplete revascularization has been proposed [4, 5] . Recently, the residual SYNTAX score (rSS), measured after percutaneous coronary intervention (PCI), emerged as an independent predictor of long-term clinical outcome and a tool for quantification of IR [6] [7] [8] [9] , after validation by pre-existing clinical trials. It is well known that in coronary artery disease, proximal left anterior descending coronary artery (pLAD) lesions have a higher prognostic relevance [10, 11] . Clinical guidelines recommended that functional pLAD stenosis should undergo revascularization [12] . When using rSS to determine an objective level of reasonable incomplete revascularization, it is currently undefined whether pLAD lesions deserve more attention.
We, therefore, assessed the prognostic significance of the rSS in a large-scale cohort of consecutive PCI patients and analyzed whether the occurrence of a residual pLAD lesion affects the prognosis of patients with same or similar rSS levels.
| M A TER I A LS A N D M ETH OD S
Our study population consisted of 10,343 consecutive patients undergoing PCI in Fuwai Hospital from January 2013 to December 2013. Patients with a history of CABG procedure or who received hybrid coronary-revascularization during this hospitalization were excluded. All patients signed a written informed consent before the procedure.
Calculations of baseline SYNTAX scores (bSS) and rSS were performed visually by experienced technicians. Each lesion with a 50% diameter stenosis in vessels 1.5 mm in diameter was scored using the SS algorithm (http://syntaxscore.com/). The rSS was calculated based 
| R E SU LTS
The clinical and angiographic characteristics of patients grouped by residual pLAD stenosis are shown in Table 1 . There were 9,308 patients in whom the residual pLAD stenosis was <50% (baseline pLAD stenosis <50%, or pLAD lesions that received revascularization).
There were 1,035 patients with residual pLAD stenosis 50% who were further categorized into two groups: 50% residual pLAD stenosis <70% IR (n 5 571), and residual pLAD stenosis 70% IR (n 5 464).
Compared with patients without 50% residual pLAD stenosis, patients with more severe residual stenosis of the pLAD were older, were more likely to be female, were more likely to have diabetes, had higher baseline creatinine, had a lower left ventricle ejection fraction, and had more complex coronary disease, namely, a higher bSS and more left main disease or multi-vessel disease.
| Clinical outcomes
Overall, 30-month MACE occurred in 1,088 patients (10.5%). The MACE rate was significantly higher among patients with residual pLAD stenosis 70%, mainly driven by the increased risk of repeat revascularization ( Table 2 , Figure 1 ). The cardiac death rate was also significantly higher among those patients with residual pLAD stenosis 70%
( Figure 1 ).
| Multivariable analysis and ROC curve analysis
In the Cox multivariable analyses, age, gender, BMI, diabetes, hypertension, dyslipidemia, smoking history, previous MI, previous PCI, peripheral vascular disease, COPD, baseline creatinine, ejection fraction, and baseline troponin elevation were included as covariates. Both rSS and residual pLAD stenosis 70% were strong independent predictors of MACE. In addition, rSS was a strong independent predictor of all other 30-month outcomes (Table 3) . ROC curve analysis also demonstrated a significant association between rSS and 30-month outcomes (Table 4) .
rSS plus residual pLAD stenosis was superior in predicting MACE, compared to rSS (P 5 .0016).
| D I SCUSSION
The main findings of this study are as follows: (1) Intervention Triage strategY) trial [6] and was validated by several studies [7] [8] [9] [13] [14] [15] . The present study included all PCI patients during a whole year (an all-comers study in a real-world setting). Only 381 patients were excluded because of a CABG procedure. Most of the stents implanted were second-generation DES. In other words, the present study used data from a large-scale, all-comers PCI study representing real-world clinical practice, and enriched the application of rSS.
Since its first introduction, the SYNTAX score, dependent on the extent and complexity of the coronary lesion, has been calculated for revascularization selection and clinical outcomes prediction [16] . Reducing the ischemic burden can improve short-and long-term prognosis, and ischemia reduction is an important therapeutic goal [17] [18] [19] . The rSS should be a more accurate marker of the residual lesion and residual ischemic burden [7] . The results of our research showed that rSS was a strong independent predictor of all adverse events and validated this role of rSS.
Depending on the results of the present study, the predictors of various endpoints were different and rSS is the common one, which suggests that an ischemic event is the primary adverse factor for coronary heart disease patients. It is worth noting that age was negatively correlated with repeat revascularization. The reason may be that an association between age and perioperative risks affected the assessment of PCI for the interventional cardiologist. In addition, for the reason that this negative correlation neutralized the predictive value of death and MI, age is not an independent predictor of MACE.
Proximal coronary artery lesions have special properties. The coronary plaques and calcifications tend to be clustered within the proximal portions, and new calcium deposits more likely develop within the proximal portion of the LAD, which means that progression of atherosclerosis is fast within this portion [20] . The proximal coronary segment is the most common target vessel location of chronic total occlusion (CTO) lesions [21] . Furthermore, myocardial infarction has been shown to cluster in the proximal coronary arteries, and a large plaque burden and small luminal area have both been linked to the highest risk of future cardiac events [22] . Therefore, proximal coronary artery disease creates a more adverse impact on the prognosis, and scores more highly on the SYNTAX Score, especially for the pLAD. Clinical guidelines recommend that functional pLAD stenosis undergoes revascularization [12] . In the present study, pLAD lesions received a PCI to the greatest extent. Only 10.0% of patients had residual pLAD stenosis 50%, for various reasons, such as a borderline lesion, total occlusion, and economic factor. Even so, depending on the data of the present study, MACE and cardiac death rates were significantly higher among patients with residual pLAD stenosis 70%. These results emphasized the detrimental impact on long-term clinical outcomes of severe pLAD stenosis. In other words, revascularization of a pLAD lesion is an important goal of PCI. Otherwise, alternative strategies of revascularization should be considered, such as CABG or a hybrid procedure. It is still doubtful whether the score of the pLAD is suitable for its prognostic importance when using rSS to predict adverse events and determine an objective level of reasonable incomplete revascularization. We found that the predictive effects of rSS and residual pLAD stenosis 70% are mutually independent. In addition, rSS plus residual pLAD stenosis was superior in predicting MACE, compared to rSS alone. This suggests that residual proximal LAD lesions still affect the prognosis of patients with same or similar rSS levels.
Several limitations of the residual SYNTAX Score should be discussed. First, both the bSS and rSS equally weight luminal diameter narrowings within 50%99%. The functional effects of moderate and severe stenosis are different. In the present study, residual pLAD stenosis 70%, not 50%69%, was associated with increased rates of MACE and cardiac death and was an independent predictor of 30-month MACE. Use of the fractional flow reserve, which is difficult to apply to all lesions or patients, can enhance identification of functionally significant lesions and improve the SYNTAX Score [23, 24] . Second, both the bSS and rSS often equally weight luminal diameter narrowing in small versus large vessels. In addition, anatomic complexity is mainly associated with the difficulty and risk of the PCI procedure. Not all the factors of the complexity of the residual lesion are significantly associated with adverse events. For example, the score of a lesion located on the diagonal ostia of 1.5 mm is equal to a lesion located on a proximal segment of the dominant right coronary artery. However, the functional effect and prognostic significance of the two lesions are totally different. Third, the score of a diseased coronary segment is multiplied by 5 in case of total occlusion. However, the impact of successful or unsuccessful revascularization of total occlusion on clinical outcomes, especially mortality, is controversial [25, 26] . Fourth, the weighting of each vessel segment is according to the usual blood flow to the left ventricle in this segment ("Leaman score") [27] . As mentioned above, the progression of atherosclerosis in the proximal LAD is faster than in other segments, and MIs cluster in the proximal segments. Therefore, from a prognostic perspective stenosis in the proximal LAD may need a higher score, which has been shown by the present study. In conclusion, a "modified residual SYNTAX Score" needs to be developed for a 
| Study limitations
The present study is a retrospective study, and the results should be considered as hypothesis-generating. Although a multivariable analysis was performed for significant confounders, we cannot exclude that other potential unmeasured confounders may affect the results. The data were from one single center; however, it is worth noting that the scale was large and the rule-in period was short.
| C ONC LUSI ON
In this large-scale cohort of consecutive PCI patients, rSS is a strong independent predictor of long-term adverse clinical outcomes. A residual pLAD lesion affects the prognosis of patients with same or similar rSS levels.
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